METHODS
The methods described previously ( I) were modified to yield more active and reproducible in vitro preparations. Albino, male rats of the Sherman strain were fasted for 24 hours and killed by exsanguination. The segment of the small intestine just distal to the pylorus, i.e. the region which transports calcium maximally, was dissected free, everted, and chilled in ice-cold o. 146 M NaCl-0.004 M KCl. A single, everted gut-sac, approximately 3 cm long and weighing 200-300 mg was prepared from the pyloric end of each segment, and filled with 0.4 ml of a standard medium of the following composition : o. I 51 M NaCl; 0.004 M sodium phosphate of pH 7.4; 0.02 M glucose; 4 X IO-~ M CaCl2; and 0.02 &ml of Ca45C12-P-3 (Oak Ridge National Laboratories, specific activity > IOOO mc/gm).
K+ was omitted from the medium, because it depresses calcium transport as described below. The sacs were placed in Warburg flasks containing 2.5 ml of the standard medium, the gas space was filled with oxygen, and the flasks were shaken in a water-bath at 37OC for 3 hours. Subsequently, the sacs were removed and the contents (inside media) collected in graduated tubes. As observed previously, 80-90 % of the fluid used to fill the sacs was recovered. .o pmole of Ca++ was transferred to a Beckman cuvette having a capacity of I .5 ml and a light path of 1.0 cm. Three 20-pl aliquots of a fresh solution of 0.002 M murexide were added successively with a micropipette.
After each addition the absorbance at 470 rnp was measured in the Beckman DU spectrophotometer.
The mean increment in absorbance per aliquot of murexide was calculated and compared to the values obtained with a series of reference solutions. To prepare the reference solutions, the pH of each sample of medium was measured with a Beckman glass-electrode pH meter, and the phosphate concentration was estimated by the method of Fiske and SubbaRow (5 The hypotheses were tested in two experiments with gut-sacs from 14 and 7 rats, respectively, and at the end of each experiment separate pools were made of the inside and outside media. The pooled media of the first experiment were subjected to ultrafiltration through Visking membranes (92 % of the total calcium was filtrable through the membranes), and the concentrations of total and ionized calcium in the ultrafiltrates were estimated.
The pooled media of the second experiment were tested directly. The results are presented in S'eczjicity of the transport mechanism. The specificity of the active transport mechanism was studied by incubating everted gut-sacs in media which contained other cations in place of calcium. The results listed in table 3 demonstrate that neither Mg++, Sr++, Ba++ nor K+ are accumulated to a significant extent in the inside medium? The cation transport mechanism in the upper intestine of the rat thus appears to be relatively specific for calcium. It should be noted that these experiments test for a net, active transport of cation across the intestinal wall and do not exclude an active accumulation of the cation within the intestinal cells. Mg++, for example, was transferred from both media into the intestinal wall, and the final concentration of Mg++ was lower in the inside than the outside medium.
Efect of Kz+. Extracellular K+ and Ca+f exert antagonistic effects on the perfused heart (I 3), on the rate of efflux of K+ from skeletal muscle, and on the resting membrane potential of skeletal muscle fibers (I 4). The ion antagonism may be due to competition for binding sites on the cell surfaces (I 5). It was of interest, therefore, to study the effects of extracellular K+ on the transport of Ca++ by everted g u -sacs. t Media of varying K+ concentration were prepared by substituting KC1 for equimolar quantities of NaCl, and four gut-sacs were tested at each concentration of K+. As illustrated in figure 3 ., K+ concentrations of 4.0 and 36.0 mEq/l (corresponding to molar K+/Ca++ ratios of ioo and 900, respectively) decreased the mean Ca45 concentration ratio I/O by 26 and 73 %, respectively.
A reasonable interpretation of these results is that extracellular K+ and Ca+f compete for cellular sites which function in the active transport mechanism, and which may be located on the surface of the mucosal cells. Table 4 summarizes observations with gut-sacs prepared in the standard manner from the intestines of rats of varying ages. In the age groups I-I s&2-4, and greater than 12 months, the mean Ca45 concentration ratios I/O were 4.8, 3.7, and 1.9, respectively. The marked decrease in active transport observed with the gut-sacs from rats over I 2 months old was not due to lengthening of the small intestine and dispersion of the proximal intestinal tissue responsible for the transport. The mean length of the small intestine measured from the pylorus to the cecum was only 3.8 % greater in the oldest rats than in the 2-4 months group, whereas the mean Ca45 ration I/O was 48.7 % less (table 4) . Further evidence will be presented in a subsequent report to demonstrate that the effect of age on the transport mechanism does not result from thickening of the intestinal wall and failure of the Ca45 to diffuse into the fluid bathing the serosal surface (20) .
The results listed in Each gut-sac was tested as described under METHODS. to meet the increased needs for calcium of the growing and pregnant rat. Other species. Various regions of the mammalian small intestine appear to be functionally differentiated for the active transport of different substances. For example, with rats weighing gm the transport mechanism for calcium can be detected w ith everted gut-sacs from the proximal one-fifth of the small intestine, and the active transport is maximal in the most proximal segment of the intestine.
In contrast, active transport of glucose and methionine are observed with gut-sacs from the jejunum and upper ileum of the rat (IO). Of further interest is the observation that an apparently specific transport mechanism can occur in different regions of the small intestine in different species (table 6) . The active transport of Ca45 is maximal in the proximal duodenum of the rat, rabbit, guinea pig and mouse, but greatest in the distal ileum of the golden hamster.
DISCUSSION
The results of the present studies provide a more complete and quantitative description of the active transport of calcium by everted gut-sacs of the upper small intestine. At least two steps appear to be involved. The first is the relatively rapid absorption or calcium from the fluid bathing the mucosal surface. This process may result from the binding of calcium ions to anionic receptor sites on or in the mucosal cells, and the binding may be influenced by the concentration of extracellular K+ . The second step is the subsequent transfer of calcium to the fluid bathing the serosal surface, a transfer which may be complex and involve several processes. Accumulation at the serosal surface is relatively slow and represents the rate-limiting step in the transfer across the intestinal wall. When the initial concentrations of calcium in the ambient media exceed 0.4 pmoles/ml, the rate of accumulation in the serosal fluid is maximal and is approximately 0.25 pmoles of calcium per gut-sac in 3 hours of incubation.
The bulk of the calcium transferred in this manner is ionized calcium, and consequently the process appears to be an active cation transport mechanism similar to that described for sodium (I I, I 2). The mechanism is remarkably specific, has observed that loops of the upper small intestine in rats absorb calcium in vivo more rapidly than do loops from the lower portion (2 I) . The effects of growth and age, respectively, on the active transport and on the intestinal absorption of calcium in vivo (18) are remarkably similar. The specificity of the active transfer for calcium in contrast to strontium may
